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doi:10.1016/j.ejvs.2010.05.018Abstract Objectives: Endovascular aneurysm repair (EVAR) is an established method of
aortic aneurysm repair, in favourable anatomical configurations. It does however expose
patients to radiation. The study aim was to determine if the aneurysm neck morphology influ-
enced radiation exposure.
Patients and methods: All elective and emergency EVAR patients were identified. Elective
patients had a bifurcated stent-graft deployed, while emergency patients were repaired with
an aorto-uni-iliac stent-graft and femefem crossover bypass. Proximal and distal aortic neck
diameters, neck length, neck angles and sac diameter were recorded, with the radiation dose,
screening time and contrast volume. The two subgroups of elective and emergency patients
were compared and correlation between anatomical and radiological parameters calculated
by using Pearson’s correlation coefficient.
Results: 320 (270 male) elective patients and 64 (55 male) emergency patients from October
1998 to October 2008 underwent EVAR. The mean proximal (p Z 0.004) and distal
(p Z 0.01) neck diameters were smaller and mean sac diameter (p < 0.0001) was greater in
emergencies. No difference between groups existed in the neck length (p Z 0.36) and supra-
renal diameter (p Z 0.30), sagittal (p Z 0.05) and coronal (p Z 0.62) neck angles. The
screening time (p Z 0.053) and contrast volume (p Z 0.04) were lower, with a slightly higher
radiation dose (pZ 0.12) in emergencies. There was no definite correlation between the seven
anatomical and three radiological parameters.
Conclusion: While radiation exposure is different in emergency patients, this is thought due to
surgical technique rather than the aneurysm neck morphology.
ª 2010 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.028 90263494; fax: þ44 028
internet.com (S.A. Badger).
ty for Vascular Surgery. PublisheIntroduction
Endovascular aneurysm repair (EVAR) is an established
alternative to open repair, provided that the morphology of
the aorta is suitable. While there may be variation between
operators, it is widely accepted that the infrarenal aortic
neck diameter should be no more than 28 mm, suprarenal
diameter not greater than 30 mm and a neck length of atd by Elsevier Ltd. All rights reserved.
Determinants of Radiation Exposure during EVAR 321least 15 mm. Ideally it should be free of thrombus, with an
angle of less than 60. It is also necessary for the iliac
vessels to be free from significant occlusive disease or
tortuosity and no essential accessory renal artery, to permit
insertion of the stent-graft delivery system.1,2
If the pre-operative computerised tomographic (CT) scan
demonstrates anatomical exclusion criteria, in particular
a variable representing adverse neck anatomy, the patient
would undergo open repair, if medically fit. Due to the
urgency and associated lower morbidity and mortality of
EVAR in patients with ruptured AAA, slightly less stringent
criteria may be applied.3 Post-operative monitoring is
required to assess the position and integrity of the stent-
graft, as well as lack of endoleaks that may compromise the
seal, exposing the patient to risk of rupture.
The stent-graft is delivered under radiological guidance,
which thereby exposes patients to radiation. This exposure
continues in the follow-up period with the use of CT and
plain abdominal film radiography. The CT is performed 1, 3
and 12 months post-operatively and annually thereafter,
with annual X-rays.4,5 The life-long effect of the radiation
dose is more pertinent in younger patients requiring aneu-
rysm repair, potentially exposing this group to carcinogenic
risk with an associated latency period of between 10 and 20
years. Radiation dose during EVAR reflects the screening
time, the number of angiographic acquisitions, as well as
collimation and magnification.
Therefore, the patient is potentially exposed to
a significant cumulative amount of iatrogenic radiation
from pre-operative assessment to death, with the associ-
ated, potentially carcinogenic, risks.6 Our study hypothesis
was that when the aortic anatomy becomes more adverse,
the endovascular procedure would take longer with an
increased exposure of radiation to the patient. The primary
aim of this study was to determine if the peri-operative
radiation exposure was related to the aneurysm
morphology. The secondary aim was to ascertain if the
mode of presentation, as elective or emergency, influenced
exposure.
Patients and Methods
Endovascular aneurysm repair was first performed in the
Belfast City Hospital in 1998. Since then an endovascular
database has been maintained and this was used to identify
the patients for this study, with verification of total patient
capture by examination of the logbooks of theatre and the
endovascular suite. Ethical approval was not deemed
necessary for this study. Elective patients, all of who had
AAA sac diameter of 55 mm or greater, and similarly defined
emergency patients with radiological evidence of leak or
rupture, considered medically fit for surgery and anatomi-
cally suitable for EVAR, were repaired. Exclusion criteria
included those medically unfit and patients anatomically
unsuitable.
All patients underwent computerised tomography (CT)
for patient selection, an essential component of which
included qualitative and quantitative assessment of the
aneurysm morphology. Anatomical measurements recorded
included suprarenal diameter, proximal and distal neck
diameters and maximum aneurysm sac diameter. The
definition for each measurement has been described indetail previously.7 However, in brief, the suprarenal diam-
eter was taken to be immediately above the highest renal
artery, while proximal neck diameter was taken to be the
CT slice immediately below the lowest renal artery. Distal
neck was defined pre-operatively as the lowest CT slice
with aortic walls being nearly parallel, representing the
transition between neck and sac. Neck length was taken as
the distance between proximal and distal neck levels. All
diameters were measured from adventitia to adventitia on
axial scans, taking the shortest diameter to avoid the
possible distortion caused by vessels deviating from the
plane of the scan. The angle between the axis of the neck
and the axis of the aneurysm was measured, both on the
coronal and sagittal planes, after image reconstructions.
During the study period two CT scanners were used e
a single slice helical (Philips Tomascan AV, Philips Medical
Systems, Eindhoven, Netherlands) and a four slice machine
(Philips MX8000), with standard slices of 1.6 mm.
Measurements were made initially using an Easy Vision
workstation, and subsequently on a Brilliance workstation.
Although iliac diameters were routinely recorded on the
endovascular database, iliac morphology was not included
in this study. This was due to the fact that they were
primarily a tool for patient selection, in conjunction with
the vessel tortuosity. The latter is difficult to quantify and
record and can often be lost when a stiff wire is passed
prior to the delivery system of the stent-graft.
The elective patients had a customised bifurcated stent-
graft inserted. For emergency patients to achieve rapid
haemodynamic control, a uni-iliac aortic stent-graft was
used with contralateral iliac occlusion and subsequent fem-
oro-femoral crossover graft. The details of the surgery have
also been described in detail previously.7 Haemodynamic
instability was not considered an absolute contra-indication
to EVAR in emergency patients. All elective cases were per-
formedwithin normal working hours, while emergency cases
were dealt with on presentation by the oncall team.
The screening time, which is the total time duration of
the radiation exposure during the procedure, including
fluoroscopy; radiation dose, which measures the dose of
radiation that strikes the X-ray film behind the patient, and
turns the X-ray system off when the predetermined dose for
that screenefilm combination has been reached; and
volume of intravenous contrast required were recorded.
The radiation dose was routinely recorded in Gycm,2 but
this was converted to an effective dose equivalent, which is
used to compare radiation doses on different body parts on
an equivalent basis, and is measured in mSv, using the
conversion factor of 0.25 mSv/Gycm,2 as demonstrated in
previous guidelines.8 The radiation from pre-operative
investigations or post-operative follow-up was not
included, as the cumulative radiation of these has previ-
ously been reported in this patient cohort.9 The contrast
volume was recorded for each procedure, but this excluded
intravenous contrast used in pre-operative investigations
such as the planning CT. Each elective and emergency
endovascular aneurysm repair was performed jointly by
a consultant vascular surgeon and a consultant interven-
tional radiologist, of which there were 4 and 3 respectively
during the study period.
All radiation and morphological data were entered into
a Microsoft Excel database. Analysis was then performed
322 S.A. Badger et al.using “Analyse-it for Microsoft Excel”. Values for each
measurement were expressed as mean and standard devia-
tion. Comparison between elective and emergency patients
for each parameter was made by Analysis of Variance
(ANOVA). Correlation between the parameters studied was
by Pearson’s correlation coefficient. A p value of <0.05 was
considered statistically significant. All anatomical parame-
ters were then included in a multiple regression model to
determine independent predictors of the radiation dose.
Results
Elective EVAR patients
From October 1998 to October 2008, 320 elective EVAR
procedures were performed. These patients (male Z 270)
had an average age of 75.3 years old (7.0). Although
a variety of manufacturers were utilised, 239 had a Talent
(Medtronic Limited, Watford, UK) stent-graft inserted.
The average pre-operative suprarenal diameter was
24.4mm(3.1). The proximal aortic neck diametermeasured
23.6 mm (3.0), while the distal neck was 24.5 mm (3.6).
The average neck length was 27.1 mm (11.4), with a sac
maximal diameter of 67.5mm (11.7). The sagittal aneurysm
neck angle was 30.3 (16.0), with a coronal angle of 34.0
(23.6). In this cohort of patients the average screening time
was 29.4 min (23.3), effective radiation dose 11.7 mSv
(7.1) and contrast volume used was 163.9 mls (67.7).
While trends emerged, analysis across groups between
the three radiation related parameters and the seven
anatomical measurements on CT did not reveal any positive
or negative definite correlation between any individual
readings (Table 1). No independent predictors of radiation
emerged from multivariate analysis.
Emergency EVAR patients
Sixty-four (male Z 55) patients had EVAR performed as an
emergency during this ten-year period. They had an
average age of 75.5 years (7.5) and while 2 had a ZenithTable 1 Correlation between radiological and morphological p
PNDZ proximal neck diameter; DNDZ distal neck diameter; NLZ
CNA Z coronal neck angle).
Screening time
SRD r Z 0.06
p Z 0.44
PND r Z 0.16
p Z 0.03
DND r Z 0.02
p Z 0.80
NL r Z 0.15
p Z 0.12
SD r Z 0.24
p Z 0.0003
SNA r Z 0.22
p Z 0.27
CNA r Z 0.11
p Z 0.58(Cook Limited, Limerick, Ireland) stent-graft, the rest had
a Talent (Medtronic Limited, Watford, UK) stent-graft.
The pre-operative average suprarenal diameter
measured 24.9 mm (3.1). The proximal aortic neck diam-
eter was 24.6 mm (2.9), while the distal neck was 26.0 mm
(3.7). The neck lengthwas shorter in this cohort at 24.9mm
(13.3), while the sac diameter was much larger at 77.9 mm
(17.4), reflecting the more advanced and unstable disease
state of the emergency patients. The sagittal aneurysm neck
angle was 47.0 (22.5), with a coronal angle of 28.6
(10.5). In this cohort of patients the average screening time
was 22.9 min (18.2), effective radiation dose 13.4 mSv
(8.6) and contrast volume used was 187.1 mls (98.1).
Correlation between the three radiological parameters
and the seven morphological measurements again did not
reveal any positive or negative association between any
individual readings (Table 2). The only relationship which
had a moderate and significant negative correlation was
between the screening time and the neck length
(r Z 0.57, p Z 0.008). This suggests that the shorter the
neck length, the more screening time is required. No
independent predictors of radiation emerged from multi-
variate analysis for emergency patients.
Comparison between elective and emergency
procedures
The age distribution of the two groupswas similar (pZ 0.90),
but differences did emerge from most of the studied
parameters. Screening time was lower in emergencies
(p Z 0.053), with a higher contrast volume (p Z 0.04) and
a non-significantly higher radiation dose (pZ 0.12). Overall,
these differences are likely to reflect the different operative
strategies performed for each group (Table 3).
The anatomical differences were quite striking and prob-
ably reflect the higher state of inflammatory degeneration in
the emergency cohort. The undiseased suprarenal segment
was similar (pZ 0.30),while both the proximal (pZ 0.04) and
distal (p Z 0.01) aortic neck diameters were smaller in the
elective cohort. The neck lengthwas non-significantly shorter
(p Z 0.36) in the emergency group, perhaps because morearameters in elective patients. (SRD Z suprarenal diameter;
neck length; SDZ sac diameter; SNAZ sagittal neck angle;
Radiation dose Contrast volume
r Z 0.18
p Z 0.012
r Z 0.05
p Z 0.49
r Z 0.26
p Z 0.0002
r Z 0.03
p Z 0.66
r Z 0.17
p Z 0.018
r Z 0.09
p Z 0.22
r Z 0.01
p Z 0.89
r Z 0.01
p Z 0.94
r Z 0.23
p Z 0.0004
r Z 0.16
p Z 0.02
r Z 0.02
p Z 0.94
r Z 0.51
p Z 0.01
r Z 0.04
p Z 0.84
r Z 0.17
p Z 0.43
Table 2 Correlation between radiological and morphological parameters in emergency patients. (SRDZ suprarenal diameter;
PNDZ proximal neck diameter; DNDZ distal neck diameter; NLZ neck length; SDZ sac diameter; SNAZ sagittal neck angle;
CNA Z coronal neck angle). The r value represents the degree of correlation and the p value represents the statistical
significance.
Screening time Radiation
dose
Contrast
volume
SRD r Z 0.12
p Z 0.52
r Z 0.12
p Z 0.55
r Z 0.33
p Z 0.067
PND r Z 0.12
p Z 0.50
r Z 0.18
p Z 0.34
r Z 0.35
p Z 0.05
DND r Z 0.01
p Z 0.98
r Z 0.18
p Z 0.34
r Z 0.39
p Z 0.028
NL r Z 0.57
p Z 0.0082
r Z 0.12
p Z 0.63
r Z 0.41
p Z 0.083
SD r Z 0.08
p Z 0.63
r Z 0.18
p Z 0.32
r Z 0.04
p Z 0.82
SNA r Z 0.85
p Z 0.07
r Z 0.59
p Z 0.29
r Z 0.69
p Z 0.31
CNA r Z 0.73
p Z 0.16
r Z 0.27
p Z 0.66
r Z 0.42
p Z 0.58
Determinants of Radiation Exposure during EVAR 323flexible criteria were applied in this group. However, the sac
diameterwas greater by 10mm(p< 0.0001) in the emergency
group, again reflecting the more diseased state and probable
recent unstable rapid growth.
Discussion
The success of EVAR is greatly influenced by the aortic
morphology.10 This is particularly pertinent when consid-
ering patients with a ruptured AAA for EVAR. The anatomyTable 3 Comparison between elective and emergency patients.
DNDZ distal neck diameter; NLZ neck length; SDZ sac diamete
r value represents the degree of correlation and the p value repr
Type
Age Elective
Emergency
Screening time Elective
Emergency
Radiation dose Elective
Emergency
Contrast volume Elective
Emergency
SRD Elective
Emergency
PND Elective
Emergency
DND Elective
Emergency
NL Elective
Emergency
SD Elective
Emergency
Sagittal neck angle Elective
Emergency
Coronal neck angle Elective
Emergencywill determine suitability, but the persistent degenerative
changes in the aortic wall will cause neck dilatation, and
potentially a higher complication risk.7,11
The results of the present study did not support our
hypothesis, in either elective or emergency patients.
Although this is surprising, it is likely to bedue to the fact that
AAA with difficult morphology were considered for open
repair only. Therefore, if it would be possible to include
patients with more difficult necks, any relationship that
genuinely exists may then emerge. This is supported by the(SRDZ suprarenal diameter; PNDZ proximal neck diameter;
r; SNAZ sagittal neck angle; CNAZ coronal neck angle). The
esents the statistical significance.
Mean SD p value
75.3 7.0 0.90
75.5 7.5
29.4 23.3 0.053
22.9 18.2
11.7 7.1 0.12
13.4 8.6
163.9 67.7 0.04
187.1 98.1
24.4 3.1 0.30
24.9 3.1
23.6 3.0 0.04
24.6 2.9
24.5 3.6 0.01
26.0 3.6
27.2 11.4 0.36
24.9 13.2
67.5 11.7 <0.0001
77.9 17.4
30.3 16.0 0.05
47.0 22.5
34.0 23.6 0.62
28.6 10.5
324 S.A. Badger et al.only association, which approached moderate correlation,
between the neck length and screening time in the emer-
gency cohort. In an effort to improve the outcome of
ruptured AAA patients, there is an increasing effort to offer
endovascular repair.12 Therefore, less strict application of
the exclusion criteria is often applied to these patients, to
increase the number of patients offered EVAR, with the aim
of enhancing overall survival. This is demonstrated by the
inter-group difference in this study. The proximal and distal
aortic neck diameters were all larger in emergency patients,
with a shorter neck length. Although the application of same
criteria would have prevented these neck differences, the
larger sacdiameter seen in the emergency cohort suggests an
advanced disease state in similarly aged patients. In addi-
tion, the presence of anatomical suitability for EVAR is
associated with a lower rupture rate of aneurysms.13 Inter-
estingly, early detection of AAA, with subsequent follow-up
until the surgical threshold is reached, does not improve
endovascular anatomical suitability. Thus, EVAR suitability
seems to be determined early in the life of the aneurysm.14
It is known that EVAR related radiation burden is
considerable.15 Nevertheless, the correlation between the
anatomical and radiological parameters failed to show any
definite results. While some demonstrated significance,
they lacked strong correlation, with quite a varied mixture
of r and p values. However, closer inspection of the results
reveal some trends of weak correlation. In the elective
cohort, the three radiological measurements seemed to be
influenced by the sac diameter. This could be explained by
the use of a bifurcated stent-graft and the extra effort
required for cannulation of the short contralateral limb,
which is more difficult in a larger aneurysm sac. The other
weak correlation, in the elective group, is between radia-
tion dose and both proximal and distal aortic neck diam-
eter, while the best overall correlation was between
contrast volume and sagittal neck angle (r Z 0.51,
p Z 0.01). The latter is likely to be due to the need for
extra care required to locate the renal arteries in a short
neck and accurately deploy the stent-graft without
compromising the renal ostiae.
In the emergency group, the sac diameter was not of
importance, despite the larger average diameter in these
patients. This is a direct consequence of the use of an
aorto-uni-iliac device, without the need for contralateral
cannulation. However, there was negative significant
correlation between the neck length and screening time
and contrast volume. The shorter the neck length, the
longer it took to achieve endovascular repair, with more
anatomical visualisation required. The exclusion of patients
with very short neck lengths from elective or emergency
endovascular repair, towards open repair, probably resul-
ted in this association not becoming stronger and more
apparent in either group. Interestingly, this correlation was
not seen regarding the radiation dose, possibly due to small
patient numbers. There appeared to be a correlation
emerging, between the three radiological measurements
and the neck angles in the emergency group, although
significance was not reached. This trend was strongest for
the sagittal neck angle. This fact is likely to be as a conse-
quence of the anterior angulation that can result in fore-
shortening of the neck. The angle of the gantry is normally
adjusted for image acquisition to take into considerationthe neck angulation, to ensure the most accurate place-
ment of the stent-graft. However, it may then result in
increased time and increased radiation dose. Interestingly,
this feature was not seen in elective patients of this study,
despite a significant angle, due to the longer time available
for endovascular repair planning in the elective setting.16
There are a few weaknesses in this study. The body mass
index (BMI) was not recorded and although this is known to be
an important factor on radiation dose, its influence could not
be assessed. The effect of any neck conicity or thrombus was
not assessed, as this data was not routinely recorded, which
could influence the results. While elective cases are per-
formed in a more controlled environment, the lack of hae-
modynamic stability in emergency patients occasionally
necessitated the use of an aortic occlusion balloon, perhaps
adding to the radiation exposure during positioning.
However, this discrepancy would be part of the differing
surgical strategies adopted for the two groups. Another
problem for which it is difficult to compensate is the inevi-
table learning curve and any evolution of stent-graft tech-
nology and technical adjuncts over the study decade. These
may also be reflected in refinement of surgical skills and
inter-operator variation of technique that may contaminate
the results, although this is speculative. During the 10-year
study period, there was considerable development in the
stent-graft technology, which should have resulted in more
rapidly deployment. However, it was not possible to account
for this confounding factor in the statistical analysis.
The only variable that has emerged as a predictor for the
degree of radiation exposure is the mode of patient
presentation. Although the anatomical parameters are
significantly different, the radiation exposure clearly is due
to differing operative procedures. Due to the unstable
nature of ruptured AAA patients, it is essential to obtain
haemodynamic control as quickly as possible. Thus, the use
of a uni-iliac aortic stent-graft is favoured for the emer-
gency setting, compared to a bifurcated stent-graft in
elective cases.7 The screening time and contrast volume
were significantly different between elective and emer-
gency cases, although the radiation dose was not. This may
be due to the differing proportion of fluoroscopy and
angiography (which was not routinely recorded) in the two
groups, or perhaps a type II statistical error, resulting from
small patient numbers in the emergency group.9 The use of
an aorto-uni-iliac stent-graft for emergency patients avoids
the need to cannulate the contralateral short stent-graft
limb and implantation of the second iliac stent-graft. This
part of the deployment of a bifurcated stent-graft, as used
in elective patients, can often become protracted, thus
increasing all three radiation parameters under consider-
ation. Therefore, the surgical technique has great impli-
cation to the radiation exposure of the patient. The other
interesting feature of emergency repairs is the increased
use of intravascular contrast. This suggests that rapid
deployment to gain haemodynamic stability is at the cost of
more liberal use of contrast. This may be at the expense of
renal impairment, although this was not assessed directly.
Finally, the aim of this study was to determine the
influence of the aortic morphology on the radiation expo-
sure. However, the outcome measures suggest multi-
factorial influence on radiation levels. Other variables
include the anatomic iliac variation and need for extra
Determinants of Radiation Exposure during EVAR 325guidewire manipulation, pre-dilatation and more difficult
stent-graft passage; radiation and time to cannulate the
contralateral limb; visualisation of the hypogastric vessels
to obtain optimal length matching. This would be best
performed prospectively, so that additional parameters
may be recorded according to the study design.
In conclusion, the exposure of patients to radiation as
a result of EVAR is not determined by their anatomical
morphology. It is influenced by the mode of presentation,
as a direct result of differing operative strategies.
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